Objective. To determine bone mineral density (BMD) in patients with mild ankylosing spondylitis (AS ), to establish the prevalence of vertebral fractures and fracture risk in these patients, and to determine the relationship between BMD and vertebral fractures.
Vertebral osteoporosis and fractures are features of
Bone mineral density (BMD) is a good determinant of vertebral fractures in women with post-menopausal advanced ankylosing spondylitis (AS). The occurrence osteoporosis [13, 14] , yet the only study to examine the of fractures has been previously thought to be due to relationship between BMD and vertebral fractures in mechanical factors in a rigid spine or disuse osteopor-AS found no correlation between the two entities [8] . osis. Although osteoporosis is common in AS, the However, the subjects in that study [8] consisted of a prevalence of spinal fractures is more uncertain, with mixed population with advanced spinal changes. There both low [1] [2] [3] [4] and high [5] [6] [7] [8] levels having been are no data concerning the occurrence of vertebral recorded. This is in part related to differences in the fractures or the relationship between BMD and vertebral patient groups studied. Osteoporosis in patients with fractures in patients with mild AS. This study was early AS has been recorded using dual photon absorptherefore carried out to determine the BMD of the tiometers and dual X-ray absorptiometry (DXA) [9] [10] [11] [12] .
lumbar spine and femoral neck in mild AS, to establish the prevalence of vertebral fractures and fracture risk in mild AS compared with control subjects, and to determine the relationship between BMD and vertebral fractures.
body from T4 to L4 to describe the vertebral shape Methods [18] . These six points correspond to the four corners of the vertebral body and the mid-points of the end plates.
Subjects
From these points, anterior (H a ), middle (H m ) and Sixty-six patients with primary AS were recruited conposterior (H p ) heights were determined for each vertebsecutively from the out-patient clinics of the Royal ral body using semi-quantitative techniques. Using these National Hospital for Rheumatic Diseases. They conheights, the vertebral fractures in the patients and consisted of males aged between 20 and 55 yr with primary trol subjects were characterized using the method AS, based on the modified New York criteria [15] . All described by McCloskey et al. [19] . In this method, a patients met criteria for mild disease which included a predicted posterior height (H pred ) is calculated for each mobile lumbar spine (modified Schober's test ≥5 cm), vertebra from the posterior heights of up to four adjacent radiographically normal hips, and absent or incipient vertebrae. Vertebral deformity is said to be present if syndesmophytes in the thoracolumbar spine with a any of the following criteria are met: radiological score of ≤1 by the criteria of Taylor et al.
( and without fractures. Logistic regression analysis was scales for pain in the cervical, thoracic and lumbar used to determine the risk of fractures in the patients spine. Peripheral joints were examined for evidence of with AS compared with controls and the results were synovitis and restricted movement. Metrological assessexpressed as odds ratio and 95% confidence intervals ment of each patient was performed using standard (CI ). Spearman's correlation was used to determine the techniques. This included modified Schober's test, tragus association between BMD, disease duration and verteto wall distance, chest expansion and intermalleolar bral fractures. P values less than 0.05 were considered distance. Radiographs of the spine (anteroposterior and to be statistically significant. The statistical analysis was lateral views) and BMD of the lumbar spine and femoral performed using SPSS/PC. neck were performed in all AS patients within 3 months of each other.
Results

BMD and vertebral morphometry
Baseline descriptive characteristics of patients with AS Measurements of BMD of the lumbar spine (L1-L4) are described in Table 1 . BMD measurements of the and femoral neck were carried out using a Hologic lumbar spine and hip are shown in Table 2 . Patients QDR 1000 (Hologic Inc., Waltham, MA, USA). The with AS had reduced BMD in their lumbar spine and results were expressed as g/cm2 and the number of femoral neck. The spread of T scores of the lumbar standard deviations (..) based on a comparison with spine and femoral neck is shown in Fig. 1 . There was peak bone mass (T score). The precision error for the no correlation between BMD of the lumbar spine or lumbar spine was 1.4% and that for the femoral neck femoral neck and duration of disease in patients with was 2.9%. For BMD measurements of the lumbar spine, AS. Eleven of 66 (16.7%) patients with AS had a care was taken to exclude architecturally deformed vertebral fracture, compared with one of 39 (2.6%) vertebrae from the analysis. BMD measurements were controls; odds ratio 5.92 (95% CI 1.4, 23.8). Patients performed on all sites of the hip. However, measurewith AS with fractures were not significantly older (mean ments of the femoral neck were considered for the age 41.4 vs 37.8 yr, P = 0.17), but had significantly analyses in preference to other sites, as the precision of longer disease duration (12.4 vs 9.3 yr, P < 0.05) than this site was greater than that of the Ward's triangle or patients without fractures. No significant difference was the trochanteric sites. In addition, researchers [13] have found in the visual analogue scores for pain in AS shown that femoral neck BMD has similar diagnostic patients with fractures compared with those without. accuracy in the prediction of hip fractures as other sites.
No significant correlation was observed between BMD To determine vertebral fractures all radiographs were of the lumbar spine or femoral neck and vertebral evaluated morphometrically. Using a translucent digitfractures in patients with AS. In addition, there was no significant difference in the lumbar spine or femoral izer and cursor, six points were marked on each vertebral these patients, as all the patients had normal hip joints.
X-ray sacroiliac joint left 3.00 (1) (2) (3) (4) Previous studies have demonstrated that cortical bone X-ray lumbar spine 1.00
is spared from the osteoporotic process in early disease X-ray thoracic spine 1.00 (0-1) [9, 10, 12] . This suggests that the osteoporosis is mainly X-ray cervical spine 1.00 (0-3) X-ray right hip 0.00 (0-1) due to involvement of the trabecular bone which is X-ray left hip 0.00 (0-1) metabolically more active and thus more susceptible to cytokine and hormone influences than cortical bone. study [8] . The patients described in our study had a [17] and already had vertebral radiographs available for evaluation. We demonstrated a higher prevalence of fractures in the AS patients compared with this group neck BMD in AS patients with fractures compared with those without.
despite the fact that they had a higher possibility of fractures given their older age compared with the subjects with AS. This suggests that the disease process Discussion possibly contributes to accelerating fracture susceptibility in patients with AS. Besides, our patients did not This study demonstrated a reduction of BMD in the lumbar spine as well as the femoral neck and an have a history of trauma, which suggests that nontraumatic mechanisms such as osteoporosis may play increased prevalence of vertebral fractures in patients with AS who had mild disease. However, there was no an aetiological role. We did not find a relationship between BMD of either correlation between BMD and vertebral fractures in these patients. The reduced BMD confirms findings of the lumbar spine or femoral neck and the fractures. This result is consistent with previous findings of previous studies [9] [10] [11] [12] . All the patients in this study had mild disease and care was taken to ensure the Donnelly et al. [8] . However, in their cohort of patients almost half had advanced radiographic changes in the absence of advanced changes in their hips and spines. Specifically, all patients had a mobile lumbar spine spine and the presence of syndesmophytes may have F. 1. T scores of the lumbar spine and femoral neck in patients with AS (n = 66). The World Health Organization defines osteopenia using BMD as a T score between −1.0 and −2.5 .., and osteoporosis as a T score below −2.5 .. below peak bone mass.
obscured the association. Pathological changes in AS approach in defining vertebral fractures, as not all occur predominantly in the spine and since structural deformities identified morphometrically are due to veralteration of the vertebral bodies may exist, it is possible tebral fractures. Other spinal disorders may give rise to that an association between BMD and fractures may a change in vertebral shape, including congenital abnornot be apparent. However, the cohort of patients in this malities and acquired deformities such as osteoarthrosis study did not have advanced spinal changes and thereor Scheurmann's disease; however, these are uncommon. fore the lack of correlation between BMD and vertebral
In addition, there is as yet no gold standard for vertebral fractures is unlikely to be due to syndesmophytes. In fracture definition. This has led to the establishment of this context, it is of note that a lack of relationship numerous criteria for characterizing fractures by differbetween BMD and vertebral fractures has also been ent researchers, thereby leading to a varied prevalence observed in patients with rheumatoid arthritis [26 ], a of fractures depending on the criteria used. The lack of condition in which the spine is virtually normal structurcorrelation of femoral neck BMD with vertebral fracally although vertebral osteoporosis is well documented.
tures may be due to the fact that BMD measurements The lack of an association between BMD of the lumbar are site specific. For example, BMD of the lumbar spine spine and vertebral fractures in AS may partly be due or distal radius does not predict the risk of hip fractures to the fact that the measurement of anteroposterior as well as the BMD of the femoral neck [28] . BMD in the lumbar spine includes ligaments which may
The results of this study suggest that the risk of be calcified as well as cortical and trabecular bone, while developing vertebral fractures increases with duration the osteoporosis in early AS involves mainly trabecular of disease in patients with AS despite absent or incipient bone. Lateral spine densitometry may have a greater syndesmophytes. The fact that these patients had osteodiagnostic sensitivity as selective measurement of trabpenia in the absence of advanced spinal changes suggests ecular bone mass is possible [27]; osteopenia of vertethat the disease process may have a role in the developbral bodies by quantitative computerized tomography ment of osteoporosis before immobility has occurred. despite the presence of extensive syndesmophytes has However, we did not find an association between vertebeen described [10] . Second, this lack of association bral fractures and BMD of the lumbar spine or femoral could also be attributed to the fact that the bone density neck in these patients. of our patients with AS showed a wide range, thereby contributing to the lack of a statistically significant relationship between BMD and vertebral fractures. Finally, the prevalence of vertebral fractures using mor-
